THE electroencephalogram is the record obtained using indirect leads of the changes in electrical potential taking place in the grey matter of the cerebral cortex, the electrodes being placed at two points on the scalp.
PHYSIOLOGICAL BASIS OF THE.ELECTROENCEPHALOGRAM At rest the electrical discharge from the cortical cells results in a wave pattern with a frequency of 9-10 cycles/second and amplitude of 50 microvolts (Fig. IA) . This type of record is produced by a whole mass of cells discharging synchronously at approximately the same rate. If the electrical activity were produced by smaller groups of cells discharging asynchronously and at different rates, the resulting record would consist of innumerable irregular excursions rather than a recurring pattern. This, in fact, occurs in the recordings made during mental activity, especially visual activity where the large regular alpha waves are replaced by small irregular oscillations (Fig. IB) . Experimentally it has been shown that the resting discharge is due to the existence of a closed circuit between cortex and thalamus-impulses from the cortical cells reach the thalamus, cause an electrical discharge from the thalamus, which in turn stimulates the cortex again. Each time the circuit is traversed the cortical discharge produces the wave form recorded in the electroencephalogram.
In certain states of anmsthesia the cortical potential waves occur in groups separated by intervals of inactivity. Appropriate stimulation of the medial thalamus during a silent interval can set up typical runs of alpha waves in the cortex. This response occurs in areas of cortex which are connected only by thalamo-cortical fibres, so that the pathway between thalamus or cortex is a direct one.
These findings suggest that at the level of anaesthesia associated with periods of suppression of cortical activity there must be a depression at some point in the cortico-thalamic circuit. As the cortex remains capable of responding to stimuli, this depression must occur at thalamic level or below; that is, either the thalamus is not capable of responding to its normal stimulus or that thalamic activity is normal but the stimulus is depressed.-CLINICAL ELECTROENCEPHALOGRAPHY In neurological investigations it is necessary to take simultaneous recordings from several leads to cover cortical activity over as wide an area as possible. This requires the use of multi-channel amplifiers with the electrodes placed on the scalp and connected in pairs to give antero-posterior and transverse cross-sections of activity in all areas. It is the alpha rhythm of 8-13 cycles per second which predominates in the normal adult at rest, but there is a wide variation in the normal pattern between different individuals. Under anesthesia the individual variation disappears even in those patients who show abnormal records. This simplifies the study of the electroencephalogram during anesthesia, as a single-channel machine with unilateral fronto-occipital leads can be used.
Tkm ELECTROENCEPHALOGRAM UNDER ANA&sTHESIA
An early investigation of electroencephalographic activity during anesthesia was carried out by Faulconer and his associates (Faulconer et al., 1949) who demonstrated a correla-tion between depth of anmsthesia with nitrous oxide and changes in EEG activity.
Using ether, Courtin et al. (1950) , showed that the electroencephalographic pattern varied with different levels of anwsthesia in a well-defined manner, and that it was possible to describe seven levels of anmsthesia on this basis (Fig. 2) . The An almost linear correlation between electroencephalographic level and arterial ether concentration was found from eighty-four observations Bellville and Artusio, 1955) . Ether in the presence of a nitrous oxide concentration exceeding 10 mg. % produced a deeper electroencephalographic level of anasthesia than was obtained with the same concentration of ether alone.
Electroencephalographic activity under cyclopropane (Possati et al., 1953) and sodium thiopentone (Kiersey et al., 1951) has been studied, and well-defined electroencephalographic levels are demonstrated. The author has compared the steroid aneesthetic agent Viadril with sodium thiopentone, and the pattern sequence was found to be similar. Of other commonly used drugs, morphine, pethidine and muscle relaxants produce no effects on the electroencephalogram, when used in normal doses. .6 10OB Under anesthesia it can be shown experimentally (Beecher et al., 1938) that there is little effect on cerebral activity until a level of 40% oxygen saturation in arterial blood is reached (in the presence of a normal carbon dioxide tension); below this level cortical depression rapidly supervenes. This is a marked fall of oxygen saturation; as it has long been accepted that cerebral cells are extremely sensitive to oxygen lack, the explanation may lie in a compensatory mechanism controlling the cerebral circulation. It can be shown that there is a reduced cerebral arteriovenous difference in states of anoxia. Assuming that oxygen requirements remain the same, this indicates an increase in total cerebral blood flow. CARBON DIOXIDE TENSION AND CEREBRAL ACTIVITY It is accepted that a high arterial carbon dioxide tension becomes a narcotizing agent and t t -that this effect is potentiated by the presence of barbiturates and other anisthetic agents. It has been shown, both in man and animals (Clowes et al., 1953) , that this depressant effect is reflected by alteration in electrical activity of the brain.
The value of the electroencephalogram in demonstrating the depressant effect of carbon dioxide has been shown clinically in a patient undergoing pneumonectomy under ether anzesthesia (Fig. 3 ). The EEG showed the pattern of aneesthetic level IV, with a normal carbon dioxide tension. When the bronchus was clamped, leaving the vessels intact, the blood carbon dioxide tension HOURS rose rapidly to 94 mm.Hg and, in concentration, the EEG pattern altered to level V and practically to level VI. Shortly after ligation of the pulmonary artery the tension of carbon dioxide fell from 94-68 mm.Hg and the EEG pattern returned to level III.
EFFECT OF HYPOTENSION
The EEG pattern under hypotensive conditions depends on the actual blood pressure and the rate of fall. At a rate of under 10 mm.Hg/min. a fall of 100 mm.Hg may produce no electroencephalographic change. Rapid, although smaller, decreases in blood pressure can produce slow, high amplitude waves or even temporary cessation of activity. These findings may be explained by assuming that cerebrovascular resistance is unable to accommodate to very rapid falls in blood pressure, and a fall in cerebral blood flow occurs. The resulting anoxiemia produces depression of the EEG; recovery occurs as the cerebrovascular resistance decreases, causing increased blood flow, even though blood pressure remains low. When the blood pressure is reduced slowly the cerebrovascular resistance may decrease as the blood pressure falls, so that cerebral blood flow remains constant and the EEG is not altered.
We have shown, using the EEG, that sodium thiopentone acts for a much more prolonged period under induced hypotension than in the normotensive state; in one patient where the systolic pressure had been reduced from 110-55 mm.Hg, 125 mg. of sodium thiopentone caused a depression from level I to level II which did not return to level I for thirty minutes. Repeated cooling or prolonged maintenance at low temperatures does not alter the pattern. During rewarming no new rhythm appears and the changes of cooling appear in the reverse order but with a lag of 1°to 20 C. The return to normal EEG pattern confirms the clinical findings that no permanent brain damage is sustained at these low temperatures. THE VALUE OF THE EEG IN CIRCULATORY ARREST (Bellville et al ., 1955a, b) Following arrest of the circulation the first cells to suffer permanent damage are those of the cerebral cortex. It is recognized that if cardiac massage is to lead to a successful outcome an adequate circulation must be instituted within three minutes.
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We have confirmed the value of the electroencephalogram in a case of cardiac arrest in an infant during thoracotomy under hypothermia. Fig. 4A shows the EEG pattern prior to circulatory arrest when the body temperature was 290 C. Within a period of 12 seconds following arrest virtually all electrical activity ceased (Fig. 4B ) but activity could be restored to the pre-circulatory arrest pattern by cardiac massage (Fig. 4c) . The interval between cessation of the circulation and alteration in pattern is rather longer than in other cases reported (Bellville et al., 1955a and b) , probably due to the reduction in oxygen requirement by the cortex at low body temperature. While it is possible to cut off the circulation in a patient at this body temperature for a period of 8 minutes without causing any permanent cerebral damage, it is interesting to note that cerebral electrical activity becomes negligible immediately the circulation ceases. Circulatory occlusion, in a patient at normal temperature. produces the same effect on the encephalogram, but in this case the changes are irreversible if present for more than a brief period. In the case reported the longest period of complete inactivity in the electroencephalogram was 1 minute 45 seconds. The electroencephalographic changes in circulatory arrest are sufficiently rapid to allow the surgeon immediately to assess the efficiency of cardiac massage.
The sensitivity of the electroencephalogram during the cessation of the circulation has been demonstrated during the course of mitral valvotomy. During the brief period of occlusion of the orifice of the mitral valve the record becomes momentarily abnormal, but returns to the normal picture immediately the circulation is restored (Fig. 5) . The reason for the alteration in EEG recording being even more rapid than in cases of cardiac arrest is not known.
We have also made use of the electroencephalogram to determine the adequacy of the circulation during operation on a carotid body tumour. Here we used a twin-channel machine, using fronto-occipital leads on each side. During the initial part of the operation the records were similar, as would be expected (Fig. 6A) . A fall of blood pressure from 110-55 mm. Hg systolic, produced by Arfonad and posturing, in twelve minutes did not alter the pattern. During dissection of the tumour, with partial occlusion of the common carotid artery, the corresponding record became dominated by slow waves up to an amplitude of 50 microvolts (Fig. 6B ). These resulted from anoxaemia. No additional anesthetic drug had been administered nor was there any alteration in blood pressure, the record on the normal side remaining the same as at 6A. Application of the clamp to the common carotid for one minute produced increased cortical suppression in the affected hemisphere ( Fig. 6c ). Recovery did not occur during one minute following its removal. During the ten-minute period following ligation of the vessel an increase in cortical activity on the affected side occurred with loss of the periods of suppression, decrease of the high voltage low frequency waves and reappearance of fast activity.
Following operation this patient remained drowsy for a period much greater than would be expected from the total dosage of depressant drugs. The following day he complained of severe headache, confined to the affected side. Both these effects were probably the clinical manifestation of the period of cerebral anoxia. No permanent brain damage ensued, nor had this been expected from the brief duration electroencephalographic findings.
SUMMARY.-41) The physiological basis for the electroencephalogram is described.
(2) The value of encephalography in anesthesia is described in relation to the usua anlesthetic agents. TROUBLESOME hmmorrhage has always been a consistent feature during laminectomy, often making adequate exploration of the vertebral canal and nerve roots impossible. Hemorrhage can occur at all stages of the operation: initially, from the superficial tissues and muscles and, later, from the cut spinous processes and laminxe and the epidural veins. The blood loss during operations on the spinal column and cord varies from 658 ml. to 992 ml. (Bonica and Lyter, 1951) .
In the efforts to combat this problem many techniques have been used; originally local infiltration (Freiberg and Perlman, 1943) was carried out, but more often to obviate the deleterious effects of ether anaesthesia rather than to reduce blood loss. Other workers used spinal anesthesia (Nitikman, 1945; Hunter, 1950) , pointing out that the blood-pressure fall and degree of muscle relaxation provided ideal conditions. Similar arguments have been advanced in favour of epidural anaesthesia (Bromage, 1952) . Further progress was made with the introduction of the hypotensive agents of the methonium series (Davison, 1950;  
